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1.0 Purpose

This report evaluates the pressure capacity of the SAFKEG 3940A shipping package for
storage in the K- Area Materials Storage Facility (KAMS). Bounding internal pressures

are determined and compared to calculated maximum allowable pressures.

2.0 SCOPE

Plutonium and plutonium oxide within the standard storage cans as shipped from the
Hanford Site in the SAFKEG 3940A shipping package is considered in this evaluation.
These drums will be received and stored for 10+ years in the KAMS Facility at SRS. An
initial transit time of one year was considered in the design of the SAFKEG. An
additional year is added to the transportation time to address additional transit at the end
of storage. Therefore a two-year transit time period is considered in addition to the
proposed 10+ storage period bringing the total time for the material to be in the SAFKEG

package to 12+ years.

The scope of this report is to determine bounding maximum pressures in the SAFKEG
3940A package due to heating and gas generation mechanisms over the 12+ year time
period. The bounding pressures are compared to allowable capacities for the

containers.
The external conditions provided below are considered in this report.

Normal Conditions of Transportation (NCT)
Hypothetical Transportation Accident Conditions (HAC)

3.0 Design Conditions
The SAFKEG was designed and analyzed at Los Alamos National Laboratory for

carrying Type-B materials across the DOE complex and meets the requirements of
10CFR71 [1].
The containment vessels within the SAFKEG 3940A package are:

3942 Inner Containment Vessel (contains the 3013 container)

3941 Outer Containment Vessel (contains the 3942).
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The design pressure for the two vessels for both the NCT and the HAC is 8 bar abs/116
psia (7 bar guage/101.5 psig). The corresponding design temperatures are 147° C
(297° F) for the NCT and 200° C (392° F) for the HAC.

An evaluation to determine the collapse pressure [3] of the SAFKEG inner and outer
containment vessels was performed to determine their capacity beyond code allowable
limits. The limiting capacities provided for a temperature of 400° F (Max Design
Temperature 392° F) are 1060 psig for the inner vessel and 910 psig for the outer
vessel. Both these pressures represent the failure of the O-ring seal. The vessels are
still in the elastic range of the material curves for these pressures. The calculated burst
pressures at 400° F are 5040 psig for the inner vessel and 4340 psig for the outer

vessel.

All the material to be stored in the SAFKEG in the KAMS facility will be contained in a
3013 container. The 3013 container consists as a minimum of two individually sealed
and nested containers to isolate the stored materials from the environment. The outer
container provides the pressure boundary to prevent release of contents. The inner
container provides an additional isolation boundary as well as an internal pressure
indicator. DOE Standard “Stabilization, Packaging, and Storage of Plutonium-Bearing
Materials” [4] states that the pressure buildup in the inner 3013 container is expected to
yield internal pressures less than 790 kPa (100 psig) from all known pressurization
mechanisms. It is further stipulated that the inner container allows for a non-destructive
indication of a buildup of internal pressure at less than 790 kPa (100 psig). The design
pressure of the 3013 outer container is 4920.7 kPa (699 psig) and is designated “Safety

Class”. The results of this analysis do not credit the capacity of the 3013 container.

4.0 Contents Definition

The permitted contents are defined in the Safety Analysis Report for Packaging
SAFKEG 3940A, [1], in which the radioactive material, non-radioactive material and
packing materials and configurations are specified. In the KAMS facility only the 3013
Storage Container will be in the SAFKEG. @ excerpt from the SARP [1] for the

definition of the Storage Can is provided below.


SRS
Need reference
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Table 1.1E Definitions (Excerpt from the SARP [1])

Storage Can

The contents of the Storage Can shall be conditioned as defined below.
The “Storage Can” is an assembly of steel cans having a total mass of
steel limited to 7.5kg and has the following containers:

Convenience

This is the innermost can and may be a food pack can having a
crimp/rolled lid, or a can having either a push fit lid closed with plastic
tape or a welded lid. These cans may be tin-plated mild steel or stainless

Container steel and shall not have any organic coating or other organic liner
associated with the can
Inngr This is a sealed (welded) wall stainless steel inner can
Container
Outer This is a sealed (welded) wall stainless steel outer can
Container

In this evaluation only the Plutonium (Pu) metal and oxide are considered to be in the

3013 storage can. The maximum mass of Pu metal in the 3013 container is 4500 g. In

the original analysis for the SAFKEG as documented in the SARP it was assumed that

an oxide coating was present on the surface of the metal. The amount of moisture

contained in the oxide on the metal surface was assumed to be 5 g [1]. The same

assumption is used in this report. The amount of Pu oxide in the container is limited to

5000 g with a maximum moisture content of 25 g [1]. These moisture contents are use

to calculate the amount of hydrogen available for pressure build up from radiolysis of the

moisture.

5.0 Potential Pressurization Mechanisms

The contents of the overall package assembly 3940A may not contain liquids. The

contents may be in dry solid or powder forms only. There are three sources for the

potential buildup of pressure in the inner containment vessel (3942):

o Expansion potential of enclosed gas due to internal and external heating

e Gas generation due to radiological decomposition of moisture or organic
materials

e Gas generation due to helium production from alpha decay emission
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5.1 Pressure Buildup due to Internal and External Heating

The two heat sources of concern are due to internal source heating and external
environmental heating. The material is to be stored in 3013 containers inside 3940A
package containers. The SAFKEG 3940A package is the collective term for the two
nested containment vessels, both within an external drum that comprise the 3940A. The
design of the SAFKEG is based on the transportation conditions. These include both the
Normal Conditions of Transportation and the Hypothetical Transportation Accident
Conditions. The thermal analysis performed to support the use of SAFKEG in the KAMS
facility @.hows that the thermal design conditions required for KAMS are bounded by
the transportation conditions applied in the original design of the SAFKEG as
documented in the SARP [1].

The results of the calculations for the container pressure due to contents heating for
NCT and HAC for the two vessels are presented in Table 1. These results are extracted
directly from the SARP [1&2]. The analysis from the SARP used a 30 W input in the
calculation for the temperature rises provided below. The initial pressure used in the
calculation was 1 bar; therefore, the maximum pressure rise is numerically equal to the
ratio of final pressure to initial pressure and can be used to calculate the pressure

increase from temperature for any initial pressure.

Table 1: Maximum Possible 3940A Container Pressures due to Internal Contents Heating

NCT HAC
Condition 3942 (Inner) 3941 (Outer) 3942 (Inner) 3941 (Outer)
Initial 0 0 0 0 0 0 0 0
Temperature | 20°C(68°F) | 20°C(68°F) | 20°C(68°F) | 20°C (68 °F)
TMaX'm“m 147 °C (297 °F) | 118 °C (244 °F) | 200 °C (392 °F) | 171 °C (340 °F)

emperature
Maximum 143 barabs | 1.33barabs | 1.61barabs | 1.52barabs
Pressure
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5.2 Gas Generation from Radiolysis

Review of data in the SARP shows that two mechanisms exist for pressure buildup due
to radiolysis. These include radiolysis of plastics inside the container and radiolysis of

moisture in the container. Each of these mechanisms is addressed in this report.

5.2.1 Radiolysis of Plastic Bagging

The calculations for the original SAFKEG design investigated the gas generation of the
plastic bagging in the products can. With the advent of the bagless transfer systems
plastic bags are no longer a normal part of the production canisters. The Table 1.1E
excerpt, above, state that plastic tape is allowed on the convenience can lid. The
calculations performed in [1] show the pressure buildup resulting from radiolysis of
plastic in the container are negligible. Even though this evaluation addresses only the
3013 container in the 3942 vessel these results are presented to address any possible
concerns over gas generation from the O-ring seals in the primary and secondary

containers.

5.2.2 Radiolysis of Moisture

The potential pressure rise in the package 3940A ultimately would come from gas
generation from moisture mixed with Pu samples within the storage cans inside the inner
containment vessel 3942. The cavity of the 3942 vessel is 5000 cm®. The free volume in
the 3942 vessel is 3178 cm® with Pu oxide contents and 783 cm® with Pu metal contents
[2]. The mechanism of hydrogen generation is radiolysis through the absorption of alpha
particles in the moisture. A maximum loading condition of 0.5 wt% (25g) moisture is
assumed for the plutonium oxide materials. The maximum available moisture on the
surface of the Pu metal is 5g [2]. The original calculations addressing radiolysis
determined the gas generation rate. The generation rate was then used to determine the
total volume of gas generated over the 1 year transit time. Expanding this method to 12
years provides an unrealistic result. In this report, the total amount of hydrogen
available in the moisture is assumed to be released into the free volume of the container
and the resulting pressure rise is calculated. The increase in gas volume for the Pu
metal storage case is 6200cm?® at STP and the increase in volume for the Pu oxide case
is 31400cm® at STP.
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5.3 Gas Generation from Helium Production

The mechanism for helium generation from radioactive isotopes and their daughter
products is by periodic spontaneous emission of alpha particles from the atomic nuclei of
the decaying elements. The bounding gas volume for helium for both the Pu metal
storage case and the Pu oxide case is 704 cm®at STP. The helium generation value is

taken for Reference 1 and is for fuel grade Pu over a 30 year time period.

5.4 Total Pressure Rise in 3942 Vessel

The bounding pressure rise in the 3941 and 3942 vessels are provided in Table 2 for the
case of Pu metal in the vessels. Table 3 provides the bounding pressures for Pu oxide
in the vessels. These values address gas generation from the radiolysis of moisture
which produces hydrogen, and the helium generation from alpha decay emissions. The
gas generation produces a baseline pressure level in the container that varies with
temperature. The maximum pressure ratios from Table 1 are then applied to calculate
the bounding pressure level in the 3941 and 3942 vessels. The assumption made in
calculating the pressure rise in the 3941 vessel is that the inner vessel 3942 will not leak.

This assumption is confirmed in the conclusion.

Table 2. Bounding Pressures for Pu Metal in Containers

NCT HAC

Condition 3942 (Inner) 3941 (Outer) 3942 (Inner) 3941 (Outer)

Maximum | 447 05 (297 9F) | 118 °C (244 °F) | 200 °C (392 °F) | 171 °C (340 °F)
Temperature

Pressure Ratio

due to Heating 1.43 1.33 1.61 1.52
Pressure dug to 9.94bar abs None 9.94 bar abs None
Gas Generation

Bounding 14.22 bar abs 1.33 bar abs 16 bar abs 1.52 bar abs

Pressure (192 psig) (4.6 psig) (218.0 psig) (7.3 psig)
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Table 3. Bounding Pressures for Pu Oxide in Containers

NCT HAC
Condition 3942 (Inner) 3941 (Outer) 3942 (Inner) 3941 (Outer)
Maximum | 417 05 (297 °F) | 118 °C (244 °F) | 200 °C (392 °F) | 171 °C (340 °F)
Temperature
Pressure Ratio 1.43 1.33 1.61 152
due to Heating
Pressure dug to 11.3 bar abs None 11.3 bar abs None
Gas Generation
Bounding 16.1 bar abs 1.33 bar abs 18.1 bar abs 1.52 bar abs
Pressure (219 psig) (4.6 psig) (248 psig) (7.3 psig)

6.0 Conclusions

The bounding pressure in the SAFKEG container of 248 psig occurs in the 3942 vessel
under the HAC at the end of the 12 year storage and transport period of the KAMS
project. This pressure is well below the allowable pressure of 1060 psig for the inner
vessel. The assumption that the inner vessel will not leak is also justified since the
allowable pressure represents the loading where the O-ring seal would fail. If leakage to
the outer vessel were to occur, the allowable pressure capacity of the 3941 container is
910 psig. If leakage into the outer vessel were to occur the pressure would be reduced
as the gas expanded into a larger volume. The allowable capacity values provide a
margin against leakage of 3.3 on the inner vessel and a margin against leakage greater
than 2.7 for the outer vessel. These pressure loads do not challenge the structural

integrity of the vessels. The vessels still have elastic behavior at these pressure levels.

7.0 Quality Assurance
The preparation of this technical work and its documentation were performed as
specified in the WSRC E7 Manual, procedure 3.60. Internal technical review of this

report is governed by the WSRC E7 Manual, procedure 2.40.
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